Abstract: Tourism is one of the leading sources of income, crucial to Egypt's economy where it contributes more than 7.2% of GDP and 14.4% of foreign currency revenues. The objective of the research is to investigate the impacts of climate change on tourism sector and expecting the future tourism performance of cities. The research has chosen Hurghada, the leading attracting coastal city on the Red Sea for foreign tourist as a case study. The mean monthly data of temperature, rainfall, moisture, wind speed and sun radiation derived by the regional climate model developed by the Swedish Meteorological and Hydrological Institute (SMHI-RCA35) for the two climate change scenarios of the Intergovernmental Panel on Climate Change (IPCC) RCP4.5 and RCP8.5 used to achieve this objective. These data used for Hurghada climate zone for the future time period of 2005-2050. The impacts of the RCP4.5 and RCP8.5 scenarios on Hurghada tourism sector will be estimated based on the application of the Tourism Climatic Index (TCI) that is widely used for the adaptation measure of the climatic suitability for tourism, which examines potential changes in climatic attractiveness of destinations, through the statistical analysis of existing and forecasting meteorological parameters. The research methodology on Hurghada shows a major change expectation in tourism seasons behavior and that climate change will play a major role in changing the climatic seasonal Hurghada tourism performance. The research recommends proactive adaptation strategies rather than reactive policy towards climate change to achieve sustainability and climate change resilience of Hurghada city.
INTRODUCTION
Tourism is one of the main economic sectors in Egypt; it contributes to increasing Gross domestic product (GDP) and raising economic growth rates (CAPMAS, 2017) . The total contribution of tourism and travel to GDP was 194.8 billion Egyptian pound (EGP), 7.2% of GDP in 2016 and is forecast to rise by 6.1% pa to 355.6 billion EGP, 8.9% of GDP in 2027 (WTTC, 2017 . The total number of tourists coming from all over the world was 8.3 million in 2017 (CAPMAS et al., 2018) . Egypt has long been known throughout its history as a popular tourist destination, with different types of tourism, its geographical location and mild climate during the summer and winter. It has many important tourist cities such as Sharm el-Sheikh, Hurghada and Luxor (Egyptian Ministry of Foreign Affairs, 2019). The general climate of Egypt is a desert climate, a hot climate in the summer and mild in the winter. During the summer season (June-August), the climate is hot and dry all over Egypt. While in the winter season (December-February), in northern Egypt climate is mild with some rainfall, mainly on coastal areas, while the climate in the south is practically rainless with warm sunny days and cool nights (Tolba et al., 2016) .
Tourism is strongly influenced by climate and weather (Hosseini et al., 2015) , both of which have a significant impact on the tourism industry, affecting the timing and length of the tourism seasons and the selection of destinations by tourists (Scott et al., 2004) as climatic conditions impact tourism activities such as sight-seeing (Gomez Martin, 2005) . With global warming changes are occurring at an unprecedented rate in the earth's climate variables such as temperatures and precipitation (Solomon et al., 2007) . The global temperature change at the end of the 21 st century is expected to exceed 1.5 -2°C of the period in Representative concentration pathways (RCP) scenarios . The expected rise in temperature will lead to a shift in the attractive areas of tourism towards the areas with the most suitable temperature. In terms of Egypt, a decline in the number of tourists visiting the country is projected at about 20% by the year 2060, which negatively affects tourism revenues by 13-17 billion EGP per year (Smith et al., 2013) . Coral reefs in the Red Sea are already declining because of higher temperatures of water and are estimated to stop growing by 2070 (Cantin et al., 2010) .
Tourism destinations must adapt to the direct effects of climate change, such as rising temperatures and secondary effects such as sea level rise and the decrease of snow cover (Rossello-Nadal, 2014) . As the relationship between tourism and climate is very complex this has led to the need to assess the suitability of the climate for tourism (Bakhtiari et al., 2013) . It is argued that an index approach is useful for understanding this complexity because of the overlapping nature of weather, and the difficult ways in which weather variables combine to reflect the results that benefit tourism by determining the appropriate climate for tourism (De Freitas et al., 2008) . Tourism Climate Index (TCI) has a world-wide application in numerous geographical locations for example in Ethiopia (Behaylu & Teshome, 2018) , China (Fang & Yin, 2015) , Lake Balaton region in Hungary (Németh, 2013 ) also for Iran (Gandomkar et al., 2011; Farajzadeh & Matzarakis, 2009; Gourabi & Palic, 2012) . The Tourism Climate Index includes several climatic variables that are combined in a mathematical formula to provide human comfort levels; the impacts of climate change on the tourism industry can be predicted by linking climate change scenarios and changes in human comfort levels (Bakhtiari et al., 2018; Roshan et al., 2016; Kubokawa et al., 2014; RosselloNadal, 2014) . Climate indices help tourism planners and marketing agents to plan and manage tourism by anticipating off-peak periods to develop tourism promotion programs for that period and expect the busy peak times to determine the development programs required to meet them. Tourists can take advantage of climate indicators to choose the best tourist destinations and the timing of their vacation (Bakhtiari et al., 2013) . The main objective of this paper is assessing the influences of climate change on the tourism sector in the Egyptian environment to guide the adaptation and mitigation strategies to plan and develop the tourism industry in Egypt to face these effects by using one of the climate indexes. A tourism climate index is applied for the first t ime to the city of Hurghada, one of the most popular tourism cities in Egypt in order to determine the suitable months for tourism in the city. This analysis helps towards taking appropriate adaptation and mitigation strategies for the specificity of the situation in order to correct planning, attract tourists, and develop the local tourism industry to face future climate changes and expected increase temperatures.
MATERIALS AND METHODS Target Area
Hurghada is the administrative capital of the Red Sea Governorate (Figure 1 ). The city is located on the western shore of the Red Sea on a longitude 48 '33 ° E and latitude 15' 27 ° N. It is bordered from the north by Ras Gharib city, from the south by Safaga, from the east by the coast of the Red Sea and from the west by the mountains of the Red Sea. Hurghada has a mild climate throughout the year ( Figure 2) ; its dry desert climate leads to differences in temperature between day and night, which is hot in the day and cold at night especially during the winter months. Temperature can reach highs of 42 °C and lows of 18 °C (Egypt's Tourism Authority, 2019). Hurghada offers all possibilities for fishing, underwater fishing and snorkelling because of the clarity of its water and the worldwide fame of its coral reefs and rare marine life (Figure 1 ) (Egypt's State Information Service, 2019). Although it is rated one of the three best diving areas in the world, it is a popular destination also for non-divers. Leisure on the beach, water sports, clubbing and golfing are just a few of the options to choose from it in addition to Hurghada's health resorts (Egyptian Tourism Authority, 2019) . 
Data
To progress suitable adaptation strategies at global, regional and local scale, the information about probable future influences of climate change under global warming is becoming essential. The main source of such info is state-of-the-art Atmosphere -Ocean Global Climate Models (AOGCMs), which simulate possible climate change under a variety of future greenhouse gas emission or concentration scenarios. During the last few years 20 climate modelling groups using more than 50 GCM models have contributed in the Coupled Model Intercomparison Project phase 5 (CMIP5), creating a great multimodel ensemble of climate change simulations (Taylor et al., 2012) .
While the difficulty and resolution of AOGCMs are both growing, computational difficulties still limit the use of high-resolution AOGCMs for producing large ensembles of long multi-century climate simulations. The horizontal resolution in CMIP5 is vary between 100-250 km, which is not enough to make available climate change information on the regional to local scale. Also long-term predictions, till the end of this century, AOGCMs are progressively being used for estimates on more near-future, decadal time scales (Meehl et al., 2014; Gonzalez & Goddard, 2016) . The Coordinated Regional Climate Downscaling Experiment (CORDEX) (Giorgi et al., 2009; Jones et al., 2011) , recognized in 2009 and reinforced by the World Climate Research Programme (WCRP), goals to fill such gaps by handling international efforts in regional climate downscaling giving predefined grids, experiment procedures, output setups, and variables. One of the core purposes of CORDEX is to make regional climate simulations simply and flexibly accessible for end-user groups at regional and local levels.
Representative Concentration Pathways (RCPs) Scenarios that include time series of emissions and concentrations of the full suite of greenhouse gases (GHGs) and aerosols and chemically active gases, as well as land use/land cover (Moss et al., 2008) . The word representative signifies that each RCP provides only one of many possible scenarios that would lead to the specific radiative forcing characteristics. The term pathway emphasizes that not only the long-term concentration levels are of interest, but also the trajectory taken over time to reach that outcome (Moss et al., 2010) . Four RCPs produced from Integrated Assessment Models and are used in the present IPCC Assessment as a basis for the climate predictions and projections presented in WGI AR5 Chapters 11 to 14 (IPCC, 2013); which are RCP2.6, RCP4.5, RCP6.0 and RCP8.5. only two scearios used in this study, RCP4.5 which is the intermediate stabilization pathways in which radiative forcing is stabilized at approximately 4.5 W/m2 and 6.0 W/m2 after 2100, and RCP8.5 scenario is the high pathway for which radiative forcing reaches >8.5 W/m2 by 2100 and continues to rise for some amount of time (Van Vuuren et al., 2011; Pachauri et al., 2014) . To investigate the annual variation and projected changes in TCI scores for Hurghada city, monthly mean climate data were obtained from the Egyptian Meteorological Authority for the historical period (1952 -2005) .
The future climate conditions are analyzed using the regional climate model developed by the Swedish Meteorological and Hydrological Institute (SMHI-RCA35) (Samuelsson et al., 2011) , whith grid size 0.5 ○ × 0.5 ○ ; approximately 50 km × 50 km downloaded using the Earth System Grid Federation (ESGF) nodes such as http://esgfnode.dkrz.de/, afterthen; the climate data operator (Schuzweida, 2019), used to processs the monthly data and downscaled it for the specific latitlue and longitude of Hurgada city. These data include the monthly minimum and average relative humidity, maximum and average temperature, sunshine duration, rainfall and wind speed, which essential based on previous TCI research work (Mieczkowski, 1985; Perch-Nielsen et al., 2010) . All datasets used to calculate TCI for the different three periods (1952-1975), (1976-2005) and the near future period (2021-2050) are listed in Table 1 .
Tourism Climate Index: As listed in Bakhtiari et al., (2013) several indicators have been developed to determine the suitability of climatic conditions for the practice of tourism activities over the past 40 years (Mieczkowski, 1985; Freitas, 1990; Becker, 1998; Morgan et al., 2000; Maddison, 2001; Lise & Tol, 2002; Hamilton & Lau, 2005; Bigano et al., 2006) . The most widely used is the tourism climate index (TCI). Mieczkowski (1985) devised the initial tourism climate index. In total 12 climate variables were identified but because of limitations of meteorological data, the number of climate variables was decreased to seven and put together in five sub-indices (Mieczkowski, 1985) .
Tourism Climate Index (TCI) contains seven variables based on mean monthly data (maximum daily temperature, mean daily temperature, minimum daily relative humidity, mean daily relative humidity, total precipitation, total hours of sunshine, and average wind speed). These climate variables were grouped into five sub-indices (three of which are separate and two in a bioclimatic composition). Mieczkowski then weighted the seven variables according to their relative effect on tourist comfort ( Table 2) .
The highest weight is given to the daytime comfort index to confirm that tourists are more active in general during the day; the next highest weight is given to sunshine and precipitation followed by daily comfort and wind speed. 
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The final score of tourism climate is produced from the sum of the coefficients for the five sub-indices and it is between 0 and 100 (Table 3) (Hosseini et al., 2015) . Because of a weighting factor (a value for TCI of 100), A classification rating system, ranging among 0 (very unfavorable) to 5 (ideal), was designed to supply a common basis of measurement for each of the sub-indices (Abegg, 1996; Mieczkowski, 1985) . The given mathematical equation by Miecakowski estimates the TCI after the determination of the five previous sub-indices values: TCI=8*CID+2*CIA+4*P+4*S+2*W
where CID: Comfort Index Daytime, CIA: Comfort Index dAily, P: Precipitation (mm), S: daily Sunshine duration (hours), and W: mean Wind speed (km/s).
In order to calculate the daytime comfort index (CID) and daily comfort index (CIA) we used thermal comfort assessment charts (Mieczkowski, 1985) . Table 4 to determine its coefficient. Rainfall is a negative factor in the tourism climate so the coefficient 5 is ideals and toward zero is extremely unfavorable (Table 4) . Sunshine (S): To calculate the coefficient of sunshine, we use Table 4 . Sunshine in the tourism climate is a positive factor, but it must take into account the seriousness of the hot days that is unsuitable for tourism (Table 4) . Table 4 . Ranking of Precipitation and Sunshine duration Indicators (Source: Mieczkowski, 1985) Total monthly precipitation For normal system, the maximum temperature must be between 15 and 24°C, Elyse system (between 24 and 33°C) and the warm climate system is above 33°C. After determining, we apply Table 5 to determine the final coefficient.
At last, after Determination the coefficient for each indicator, the last indicator (TCI) is calculated from equation (1), which is already mentioned above. 
RESULTS AND DISCUSSIONS Results
The nature of the climate in the city of Hurghada allows tourists to visit and enjoy leisure activities throughout the year as the climate is moderate in most months of the year. The best times to visit the city of Hurghada are the spring and autumn seasons when the peak tourist period is; this is confirmed by the calculation of the Tourism Climate Index for the period (Table 6 ). This reveals that the seasons of spring (March, April, May) and autumn (September, October, and November) have high priority for the comfortable climate of tourism followed by the winter season then the summer season.
While climate change and temperatures increase have changed the climatic seasons of tourism as demonstrated by the application of the Tourism Climate Index for the period 1976-2005 and future periods (2021-2050) according to climate change scenarios RCP4.5, RCP8.5 (Figure 3 ). This is illustrated by the detailed results of the implementation of the Tourism Climate Index for the specified periods as follows. 
TCI scores for the period 1952-1975
The results of the tourism climate index for this period can be classified into three categories, which are ideal, excellent and very good. The very best conditions for tourism occurred in April, November and March months, which have 'ideal' rating in TCI descriptive category (TCI: 98, 98, 96) respectively. These are followed by the months of February, December October, May, January, September, and June ('excellent, ' TCI: 89, 89, 88, 88.87, 86) respectively, then July and August months had the least favorable climate classification for tourism ('very good,' TCI:70).
TCI scores for the period 1976-2005
The results of the TCI index for that period have expanded to include a lower rating category than the previous period ('good' rating). November, March, and April months had a TCI scores above 90, ratings that describe an 'ideal' tourism climate. These are followed by the excellent rating category (90<TCI>80), which its number of months declined two months to take the classification of the following category compared to the previous period to include the months of December, February, January, and October. The climate of May and September was rated 'very good ' (TCI: 74, 72) according to the suitability of tourism. The lowest category ('good' rating) in this period was for the summer months (June, July, and August), which is the new category that has emerged, indicating the impact of increases in temperatures as compared to the previous period. In this period the data is calculated according to Representative Concentration Pathway 4.5 (RCP4.5); TCI refers to the increase in the climatic discomfort for tourism in the summer months, when the rating is reduced to accept a new category ('acceptable' rating) for the month of August and July (TCI: 52). The months of June, September, and May had a 'good' rating, while the values of the climate index for the rest of the months increased. January and October had 'excellent' rating and the months of March, November, April, February, and December had the highest rating category ('ideal'). It should be noted that March has the highest rating for suitability to tourism (TCI: 100).
4. TCI scores for the period 2021-2050 (RCP8.5) The RCP 8.5 pathway was followed in calculation the required data to apply the tourist climate index for this period. The results showed that the lowest month according to the tourist attraction index is August, which was rated 'marginal'(TCI:44), followed by September, July, and June which had 'acceptable' in rating (TCI:52, 52, 54) . This indicates that the summer period is the least attractive for tourism in the year. The month of October still has an 'excellent' rating (TCI: 80), while the remaining months have the highest rating ('ideal,' TCI>90), indicating the attractiveness of the winter season for the entire tourism and spring (March and April).
Discussion
As a result of climate change and the impacts of increased temprtaures the city of Hurghada as a tourism destination is expected to face changes in its climatic suitability for tourism in particular during peak periods. This is confirmed by study of the historical situation for the values of the tourist climate index for the periods (1952 to 1975) and (1976-2005) , where it was the best months to visit in Spring season (March, April and May) and autumn (September, October, and November). This was confirmed by TCI calculations for the period . By comparison with TCI calculations for the period , it was found that the attractiveness of the climate for tourism for the months of the spring season was reduced according to TCI results, with May moving from the excellent category (TCI 88) to very good (TCI: 74). Also for the months of autumn season, September has moved from the category of excellent (TCI: 86) to the category very good (TCI: 72). As for the summer, the climatic suitability for July, and August were reduced from the very good category (TCI: 70) to the good category (TCI: 62). Winter season kept the same categories of TCI ratings, even though the values have been reduced in some months but retain their category (ideal, excellent).
As shown in (Figure 4 ) which describes TCI values and tourism season paterns for Hurghada, In the future, according to TCI calculations based on Representative Concentration Pathway 4.5,8.5 climate change and high temperatures are expected to play a major role in increasing the period of unsuitable climatic for tourism at the expense of the traditional peak periods for Hurghada tourism. The climatic suitability for tourism has decreased for certain months (September, June, and May) to join the summer months (July and August) as the least attractive for tourism throughout the year.
While it was noted that the positive effects of the expected future climate change according to TCI calculations based on Representative Concentration Pathway 4.5,8.5 were observed in the rest of the months, which increased the attractiveness of their tourism climate, where March had the highest rating (ideal TCI: 100). The months of December, January, and February (the winter season) took on an 'ideal' category (TCI> 90) and April (spring season) was rated 'ideal' (TCI: 92), as well as November had 'ideal' category (TCI: 98). While it was noted that the rest of the months increased the attractiveness of its climate of tourism, where March had the highest rating (ideal TCI: 100). The months of December, January, and February (the winter season) took on an 'ideal' category (TCI> 90) and April (spring season) was rated 'ideal' (TCI: 92), as well as November had 'ideal' category (TCI: 98). 
CONCLUSION
Prediction and study of the expected impacts of climate change, whether positive or negative, using mean and maximum values, is important in the planning and management of tourism areas in order to absorb the negative effects and take advantage of the positive opportunities resulting from those effects. The research highlights the resreach methodology, which can be summarized in (Figure 5 ), for the asessment of the effects of climate change phenomena on the future of tourism sector. The Tourism Climate Index (TCI) is a useful indicator that combines several variables and presents them in the form of an indicator that facilitates tourism planners and marketing agents to plan and manage tourism by anticipating off-peak periods to develop tourism promotion programs for that period, and expect busy peak times to identify the development programs required to meet them. In addition tourists can take advantage of climate indicators to select the best tourist destinations and the timing of their vacation. The city of Hurghada is dependent on tourism activity in its economy; therefore, considering climatic changes and high temperatures, prediction and study of the expected impacts of climate change is important for the planning and management of the tourism sector in it. According to the results of the application of the TCI index on its climate, it is expected that the seasons of tourism will be changed according to both RCP4.5 (stability scenario) and RCP8.5 (Scenario with very high greenhouse gas emissions). Overall, it was found that the period from May to September is the least suitable period for tourism according to both of them and the lowest estimate is the month of August (TCI:44). Arguably, it is necessary to plan and develop infrastructure and architectural design to faciliate activities that are appropriate for the climate of that period as well as promoting them to maintain the local economy. Correspondingly, as March becames the most attractive climate for tourism (TCI: 100) followed by November (TCI: 98), April, February (TCI:92), December and January (TCI :90), it is essential to promote this period through the development of appropriate entertainment programs. In addition, planning and infrastructure development of the city is essential to accommodate this period which becomes the peak tourism season. These are local responses required to address the challenges as well as opportunities resulting from climate change.
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